It has been shown that, under suitable conditions, the lysis of osmotically stabilized sphaeroplasts of yeast leads to the release of cell-vacuoles, which can then be purified on iso-osmotic gradients (Matile & Wiemken, 1967) . On the basis of these fractionations these authors claim that the single large cell-vacuole is the only lysosome of the yeast cell. However, it has been shown that, by using rate-zonal separations on a mannitol-Ficoll gradient system, it is possible to demonstrate in addition the presence of a sedimentable population of acid-hydrolase-containing membranes that are distinct from these low-density vacuoles (Cartledge et al., 1971) . The diversity of acid-hydrolase-associated membranes in yeast is here further confirmed by high-speed zonal fractionation on sucrose gradients.
Cultures of Saccharomyces carlsbergensis were grown to late exponential phase (5 x 107 cells/ml) and harvested during glucose de-repression. Whole homogenates were prepared in 0.25 M-sucrose-I0mM-trisHCl-2mM-MgCl2 medium, pH7.4, and subjected to zonal centrifugation. All these procedures were identical with those described by Cartledge & Lloyd (1972) , as were those for assays of protein, cytochrome c oxidase and acidp-nitrophenyl phosphatase. Alkaline p-nitrophenyl phosphatase was assayed by a method similar to that used for the corresponding acid hydrolase, except that tris-HCl buffer, pH 10.0, replaced acetate buffer. ,B-Glycerophosphatase, acid deoxyribonuclease and acid ribonuclease were assayed as described by Muller et al. (1966) , and acid protease was assayed as described by Vaes & Jacques (1965) . Assays of the other hydrolases were carried out in media containing the appropriate p-nitrophenol derivatives (1.0mM), 40mM-sodium acetate buffer, pH5.0, and Triton X-100 (0.02%, w/v).
Enzymes assayed but not present at detectable levels of activity included oc-L-fucosidase and oe-D- (Fig. lc) , oa-glucosidase (Fig. le) and ,-glucuronidase (Fig. le) are non-sedimentable, as are P-galactosidase and P-glucosidase (97% and 92.2% respectively; not shown). Acid p-nitrophenyl phosphatase (Fig. 1c) and acid protease (Fig. Id) both show similar complex distributions. The sedimentable portion of alkaline p-nitrophenyl phosphatase (Fig. ic) shows a distinctly bimodal distribution, and is different from the corresponding acid hydrolase. Three distinct populations of particles containing deoxyribonuclease are separated under these conditions (Fig. ld) ; the distribution of ribonuclease (Fig. Id) is also complex but differs from those of all the other acid hydrolases examined. oc-Galactosidase (Fig. le) shows the most heterogeneous distribution of all the enzymes assayed. Thus it appears doubtful whether all the acid hydrolases detectable in homogenates of Saccharomyces carlsbergensis are associated in vivo with a single species of organelle, as suggested by Matile (1969) and Matile et al. (1969) ; these enzymes may also be associated with (or enclosed by) membrane systems other than those of the cell-vacuole. For instance, it has been shown that isolated yeast cell walls have acid p-nitrophenyl phosphatase activity (Nurminen et al., 1970) ; in our fractionations this enzyme is partially lost on washing of the sphaeroplasts, and that proportion remaining after centrifugation (to remove plasma membranes) is 50% latent (T. G. Cartledge & D. Lloyd, unpublished work). Further work is necessary to characterize organelles containing acid hydrolases in the intact yeast cell, in order to identify yeast lysosomes positively. Vol. 126
